t 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



II 



(12) 



(11) EP 1 075 026 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intel 7; H01L 23/498, H01 L 23/538, 




07.02.2001 Bulletin 2001/06 




H05K 1/00 


(21) 


Application number: 00306646.1 






(22) 


Date of filing: 04.08.2000 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Horiuchi, Michio, Shinko Electric Ind. Co., Ltd. 




MC NL PT SE 




Nagano-shi, Nagano 380-0921 (JP) 




Designated Extension States: 


• 


Kurihara, Takashi, Shinko Electric Ind. Co., Ltd. 




AL LT LV MK RO SI 




Nagano-shi, Nagano 380-0921 (JP) 


(30) 


Priority: 06.08.1999 JP 22395399 


(74) 


Representative: Rackham, Stephen Neil 








GILL JENNINGS & EVERY, 


(71) 


Applicant: SHINKO ELECTRIC INDUSTRIES CO. 




Broadgate House, 




LTD. 




7 Eld on Street 




Nagano-shi, Nagano 380-0921 (JP) 




London EC2M 7LH (GB) 



(54) Multilayer circuit board layout 

(57) A multilayer circuit board (5') comprising a plu- 
rality of laminated routing layers (5a, 5b, 5c, 5d), which 
is used to mount thereon an electronic component (4), 
such as a semiconductor chip or device, provided with 
electrodes (6) formed in a certain pattern. Each of the 
routing layers are provided with lands (10) and routing 
lines (7) on their surface. The lands are arranged to con- 
form to the pattern of the electrodes (6) of the electronic 
component, and each routing line (7) is connected at 
one end to a land (10), and routed outward from a region 
where the lands (10) are arranged. The lands (10) on 
each of the routing layers (5a, 5b, 5c, 5d) are arranged 
to have a pattern in which a closed virtual line formed 
by consecutively linking the peripheral lands at least 
partially has a concave section. Preferably, the concave 
section is in the form of an isosceles right angled trian- 
gle, and the peripheral lands are located along the non- 
hypotenuse sides. Alternatively, the concave section 
may be in the form of a pseudo-isosceles right angled 
triangle having a vertex at which one of the peripheral 
lands is located, and a cutout at an intersection of its 
hypotenuse and one of the other sides. The multilayer 
circuit board (5 1 ) has a reduced number of routing layers 
relative to conventional multilayer circuit boards, and 
can be produced with an increased yield and high reli- 
ability. 
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Description 

[0001] The invention relates to a multilayer circuit 
board used to mount, on a component such as the print- 
ed circuit board, an electronic part such as a semicon- 
ductor chip having connection electrodes arranged in 
the form of a lattice or a semiconductor device having 
external connection terminals arranged in the form of an 
area array. 

[0002] With recent semiconductor devices, logic de- 
vices are becoming highly functional and highly integrat- 
ed, and the numbers of inputs and outputs have in- 
creased, resulting in a greatly increased mounting den- 
sity. Accordingly, products which compensate for a lack 
of space for the formation of electrodes by arranging 
electrodes in a lattice pattern on the elect rode -forming 
face of a semiconductor chip, have been provided. 
[0003] Fig. 18 illustrates an example in which a sem- 
iconductor chip 4 is mounted on a circuit board 5 by con- 
ventional flip chip bonding. The semiconductor chip 4 
has electrodes 6 arranged on the peripheral region 
thereof, the electrodes 6 being respectively connected 
to routing lines (wiring lines) 7 provided on the surface 
of the board 5 

[0004] Fig. 19 illustrates the arrangement of lands 8 
and routing lines 7 provided on a circuit board for mount- 
ing a semiconductor chip (not shown). In this example, 
the lands 8 are arranged in two rows corresponding to 
those of electrodes provided on the chip, the routing 
lines 7 from the lands 8 of the inner row being passed 
through between the adjacent lands 8 of the outer row. 
Thus, the respective routing lines 7 are routed out from 
the respective land 8 on the same plane (the surface of 
the circuit board). 

[0005] When electrodes are arranged in more rows 
on the electrode-forming face of a chip, however, it may 
no longer be possible to route out respective routing 
lines from respective lands on the same plane, depend- 
ing upon the distance between the adjacent lands and 
the total number of lands. 

[0006] To solve such a problem, a method has been 
proposed in which a circuit board for mounting a semi- 
conductor chip is made so as to have a number of rout- 
ing layers, each of the layers having patterned routing 
lines appropriately arranged thereon, to thereby con- 
nect some of electrodes of the chip with the respective 
routing lines. Fig. 20 schematically shows an example 
in which a semiconductor chip 4 provided with a number 
of electrodes 6 arranged in a lattice pattern is mounted 
on a multilayer circuit board 5* comprising four routing 
layers 5a, 5b, 5c, and 5d. Using such a multilayer circuit 
board, it is possible to electrically connect the respective 
electrode 6 of the chip 4 with the respective routing lines 
7a, 7b, 7c, 7d of the multilayer circuit board 5', which 
are, in turn : connected with an external connection ter- 
minal 9 of the multilayer circuit board 5', through which 
the chip 4 is ultimately electrically connected to an ex- 
ternal electrical circuit of a component such as a printed 



circuit board (not shown). 

[0007] When a semiconductor chip having a smaller 
number of electrodes arranged in a lattice pattern is to 
be mounted on a component, such as a printed circuit 

s board, using a multilayer circuit board, it is sufficient that 
two or three routing layers are laminated to form the mul- 
tilayer circuit board. However, if the semiconductor chip 
has as many as, for example 30 x 30 or 40 x 40 elec- 
trodes, a much larger number, for example 6 to 10, of 

10 routing layers are required for the multilayer circuit 
board. 

[0008] When a plurality of routing layers, on each of 
which patterned routing lines are densely formed, are to 
be laminated to provide a multilayer circuit board, a high- 
's density routing method such as build-up method is em- 
ployed. In the production of a multilayer circuit board by 
such a method, however, there are serious problems in 
terms of yield and reliability of the products, and the cost 
of production. Specifically, in the case of the production 
20 of the multilayer circuit board 5* as illustrated in Fig. 20, 
the routing layers 5a, 5b, 5c, and 5d are successively 
laminated, while vias 3 are formed in each wiring layer 
5a, 5b, 5c, 5d to secure an electric connection between 
the electrodes 6 of the chip 4 and the routing lines 7b, 
2S 7c, 7d on the routing layers 5b, 5c, 5d, or between the 
routing lines 7a, 7b : 7c, 7d on the layers 5a, 5b, 5c, 5d 
and the external connection terminals 9. Accordingly, 
the production process requires a high degree of preci- 
sion, and does not necessarily provide higher reliability 
30 even at present. Also, in the case of the production of 
the multilayer circuit board, it is required that none of the 
layers to be laminated is defective, which increases in 
technical difficulty. 

[0009] Consequently, to produce a reliable multilayer 
35 circuit board in a satisfactory yield, it would be very ben- 
eficial if it were possible to reduce the number of routing 
layers. 

[0010] The present invention relates to a multilayer 
circuit board for mounting thereon an electronic part 

40 such as a semiconductor chip or device having a large 
number of electrodes, for example as many as 40 x 40 
electrodes, arranged in a certain pattern, such as a lat- 
tice pattern, on a side facing the multilayer circuit board, 
and aims to go at least some way towards providing a 

45 multilayer circuit board product of high reliability, which 
has a reduced number of routing layers and can conse- 
quently be produced with an increased yield. 
[0011] Thus, the invention provides a multilayer circuit 
board comprising a plurality of laminated routing layers, 

50 which is used to mount thereon an electronic compo- 
nent, such as a semiconductor chip or device, provided 
with electrodes formed in a certain pattern, each of the 
routing layers being provided with lands and routing 
lines on its surface, the lands being arranged to conform 

55 to the pattern of the electrodes of the electronic compo- 
nent, and each routing line being connected at one end 
to a land, and being routed away from a region where 
the lands are arranged, wherein the lands on each of 
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the routing layers are arranged to have a pattern in 
which a closed virtual line formed by consecutively link- 
ing the peripheral lands has a concave section. 
[0012] Preferably, the concave section is in the form 
of an isosceles right angled triangle, and the peripheral 
lands are located along the sides of the triangle. 
[001 3] In some cases, the concave section may be in 
the form of a pseudo-isosceles right angled triangle hav- 
ing a vertex at which one of the peripheral lands is lo- 
cated, and a cutout at an intersection of its hypotenuse 
and one of the other sides. 

[0014] Particular embodiments of the invention will 
now be described with reference to the accompanying 
drawings in which: 

Fig. 1 illustrates a typical example of lands and rout- 
ing lines in a routing layer of a multilayer circuit 
board of the invention; 

Fig. 2 illustrates another example of lands and rout- 
ing lines according to Ihe invention; 
Figs. 3A to 3C illustrate land and routing line pat- 
terns at n (number of serial lands selected to pro- 
vide a concave section to a land pattern) = 4; 
Figs. 4A and 4B illustrate land and routing line pat- 
terns at n = 5; 

Figs. 5A to 5C illustrate land and routing line pat- 
terns at n = 6; 

Figs. 6A and 6B illustrate land and routing line pat- 
terns at n = 7; 

Fig. 7 illustrates further land and routing line pat- 
terns at n = 7; 

Fig. 8 illustrates a quarter part of a land pattern in 
a first wiring layer of a multilayer circuit board ac- 
cording to the invention; 

Fig. 9 illustrates a land pattern when n is an odd 
number; 

Fig. 10 illustrates a land pattern when n is an even 
number; 

Fig. 11 A illustrates a land arrangement of staggered 
type; 

Fig. 11 B illustrates land and routing line patterns at 
n = 5 in a staggered land arrangement; 
Fig. 12 illustrates land and routing line patterns in a 
first routing layer of a multilayer circuit board ac- 
cording to the invention; 

Fig. 1 3 illustrates land and routing line patterns in a 
second routing layer of a multilayer circuit board ac- 
cording to the invention, 

Fig. 14 illustrates land and routing line patterns in a 
third routing layer of a multilayer circuit board ac- 
cording to the invention; 

Fig. 15 illustrates land and routing line patterns in a 
fourth routing layer of a multilayer circuit board ac- 
cording to the invention; 

Fig. 16 illustrates land and routing line patterns in a 
fifth routing layer of a multilayer circuit board ac- 
cording to the invention; 

Fig. 17 illustrates land and routing line patterns in a 
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sixth routing layer of a multilayer circuit board ac- 
cording to the invention; 
Fig. 18 illustrates flip chip bonding; 
Fig. 19 illustrates land and routing line patterns in a 
conventional multilayer circuit board; and 
Fig. 20 illustrates a multilayer circuit board on which 
a semiconductor chip is mounted. 

DETAILED DESCRIPTION OF THE INVENTION 



[0015] The invention provides a multilayer circuit 
board comprising a plurality of laminated routing layers, 
which is used to mount thereon an electronic part, such 
as a semiconductor chip or device, provided with a large 

?5 number of electrodes formed in a certain pattern, and 
is, in turn, mounted on another board component, such 
as a printed circuit board, each of the routing layers be- 
ing provided with lands and routing lines on its surface, 
and with vias going through the routing layer for electri- 
cal conduction from one side to the other side of the rout- 
ing layer, the lands being arranged to conform to the pat- 
tern of the electrodes of the electronic part, and the rout- 
ing line being connected at its end to the land, and being 
routed toward the outside from a region where the lands 

25 are arranged, wherein the lands and the routing lines in 
each routing layer are arranged so as to decrease the 
number of routing layers required to fabricate the multi- 
layer circuit board. The multilayer circuit board may be 
produced by any of various processes known in the art, 

30 such as a build-up process 

[0016] Electrodes of an electronic part such as a sem- 
iconductor chip or device are usually arranged in a nor- 
mal lattice or staggered pattern. What is particularly 
problematic is the case of the electrodes arranged in a 

3S normal lattice pattern, in which case routing lines on a 
routing layer of a multilayer circuit board are difficult to 
pass through between lands on the routing layer which 
follow the lattice pattern of the electrodes of the elec- 
tronic part, rather than the case of the staggered pattern. 

40 in the case of a normal lattice pattern, what is important 
is how the lands and the routing lines are arranged in 
order to efficiently route the routing lines with a least 
number of routing layers laminated. 
[0017] In every routing layer, the routing lines from in- 

45 ner lands must be arranged so as to pass through be- 
tween outer lands. In a practical design of routing lines, 
they must be routed depending upon various conditions 
such as a pitch between adjacent lands, a diameter of 
the land, a width of the routing line, a distance between 

50 adjacent routing lines and the like. 

[0018] According to the invention, the routing lines 
can be efficiently arranged and the number of laminated 
wiring layers can be decreased, by arranging the lands 
and the routing lines in each of the routing layers of a 

55 multilayer circuit board, based on the following. 

[0019] By way of example, an arrangement of routing 
lines for a normal lattice land arrangement in which 
lands are arranged in the longitudinal and transverse di- 
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rections maintaining an equal distance from each other, 
will be described. 

[0020] With a sequence of "n" lands arranged to have 
a fixed pitch, if all intermediate lands of the number of 
(n - 2) are eliminated to leave a free space between the 
lands at both extreme ends, the number "m" of the rout- 
ing lines which can be passed through between the 
lands at both ends, excluding the lines rerouted out from 
the lands at the both ends, is then given by the formula, 

m = [(land pitch) x (n - 1 ) - (land diameter) 
- (space between lines)] (line width 
+ space between lines), 

where the land pitch is a distance between the centers 
of the adjacent lands, the land diameter is a diameter of 
the land, the line width is a width of the routing line, and 
the space between lines is a minimum distance that 
must be maintained between the routing lines. 
[0021] If it is considered that only one routing line is 
allowed to pass through between the adjacent lands, the 
number *V of routing lines which can be arranged be- 
tween the lands at the two extreme ends after the elim- 
ination of the intermediate lands is then given by, 

k = (n - 1) + {n - 2) 
= 2n - 3. 

This means that there are (n - 1) channels that permit 
the passage of routing lines among the lands of a 
number of "n", and that there are intermediate lands of 
a number of (n - 2) excluding the lands at the both ex- 
treme ends, each of which a routing line can be connect- 
ed to. 

[0022] Accordingly, upon comparing m with k, there is 
obtained no effect for increasing the routing lines in the 
case of m = k, even if the intermediate lands are all elim- 
inated from among the serial lands of a number of "n". 
In the case of m ^ (k + 1), on the other hand, there is 
obtained the effect for increasing the routing lines when 
the intermediate lands are eliminated. 
[0023] To decrease the number of laminated routing 
layers in a multilayer circuit board, it is thus effective to 
route as many routing lines as possible from a region 
where the lands are arranged. As described above, 
when m ^ (k + 1), the routing lines can be routed in an 
increased number by eliminating the intermediate lands 
except the lands at both extreme ends. Consequently, 
in this example, by selecting, with the integer "n" as a 
parameter, a value Yi" that satisfies m ^ (k + 1), and 
arranging the routing lines according to the selected val- 
ue "n", the number of laminated routing layers in a mul- 
tilayer circuit board can be effectively decreased. 



[0024] In the above example, the routing lines are ar- 
ranged for serial lands in a number of YT through a pro- 
cedure in which the value "m" is determined from the 
given conditions of a land pitch, a land diameter, a line 
s width, and a line space, the value "m' is subsequently 
compared with the value "k" to know if Yi" satisfies m ^ 
(k + 1 ), the intermediate lands of a number (n - 2) is then 
eliminated, and the routing lines are preferentially 
passed through the free space resulted from the elimi- 
io nation of the intermediate lands (i.e., the zone where the 
sequence of lands of the number (n - 2) is eliminated). 
[0025] Fig. 1 illustrates a case where routing lines are 
arranged in an increased number when n = 3. In the 
drawing, a distance between lands indicated by L and 
*s L' represents the twice the land pitch. If there is an in- 
termediate land between lands L and L\ there are ar- 
ranged three routing lines therebetween, including a 
routing line from the intermediate land and two routing 
lines passing through two spaces or channels, which are 
2 o defined between the adjacent lands. 

[0026] On the other hand, when the intermediate land 
is removed from the space between lands L and U as 
shown in Fig. 1 , and an additional wiring line is allowed 
to be passed through the space between lands L and 
25 L\ four routing lines 7 can be passed though the space 
as shown in the drawing. Thus, removing the interme- 
diate land from the three consecutively arranged lands 
makes it possible to pass one extra wiring line through 
between the lands at both extreme ends, L and L\ com- 
30 pared to when the intermediate land existed It will thus 
be understood that, in this example, the routing lines are 
efficiently arranged as a result of removing every other 
land from the transverse groups of three lands. 
[0027] In the foregoing was described the case where 
35 only one routing line can be passed through between 
the adjacent lands. Quite the same idea can also be ap- 
plied to even for a case where the routing lines of any 
number of "a' can be passed through between the ad- 
jacent lands. 

40 [0028] In this case as well, assuming that serial lands 
in a number of "n" are arranged to have a fixed pitch, 
and intermediate lands of the number of (n - 2) are elim- 
inated to leave the lands at the two extreme ends, the 
number "m" of routing lines which can be passed 
^5 through the space between the lands at the two extreme 
ends is then given by the formula, 

m = [(land pitch) X (n - 1) - (land diameter) 

so 

• (space between lines)] + (line width 
+ space between lines). 

55 When none of the intermediate lands is eliminated, the 
number of the routing lines which can be arranged be- 
tween the lands at the two extreme ends is given by the 
formula, 



25 



30 



35 



40 



45 
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k = a x (n - 1) + (n -2). 

[0029] Accordingly, by comparing "m" with "k" with "n M 
as a parameter, determining a value "n w (integer) that 
satisfies m ^ (k + 1), and eliminating the intermediate 
lands relying upon the value "n", it is possible to efficient- 
ly draw the routing lines in a routing layer of a multilayer 
circuit board. 

[0030] Thus, also in the case where it is possible to 
pass a plurality of routing lines through between the ad- 
jacent lands, quite the same idea is applied as in the 
case where only one routing line can be passed through 
between the adjacent lands, to thereby efficiently ar- 
range the routing lines to increase the number of routing 
lines passing through the zone of the serial lands of a 
given number. 

[0031] As described, arranging routing lines in a rout- 
ing layer of a multilayer circuit board by comparing "m" 
with "k" using "n" as a parameter, determining a value 
"n" (integer) that satisfies m ^ (k + 1), and eliminating 
an intermediate land or lands from a sequence of lands 
depending on the value "n" is effective in efficient ar- 
rangement of the routing lines. Since "m" is a number 
of the routing lines which can be passed through the 
space between the lands at both extreme ends of a se- 
quence of "n" lands when all intermediate lands are 
eliminated from the sequence, it is considered that the 
value 'm* increases with an increase in the value "n", 
as a rule, and, accordingly, the routing lines can then be 
arranged further efficiently. 

[0032] Fig. 2 illustrates the simplest arrangement at n 
- 7, in which one wiring line can be drawn through be- 
tween adjacent lands in a normal lattice pattern. As de- 
scribed above, the value "m' increases with an increase 
in the value "n". In practice, however, simply increasing 
the value 'm' by increasing the value "n" does not nec- 
essarily provide an efficient arrangement of routing 
lines. 

[0033] In Fig. 2, thirteen wiring lines can be passed 
through between the lands at both extreme ends of the 
sequence of seven lands by removing five intermediate 
lands out of the sequence. In this case, only two routing 
lines are added compared with eleven lines which are 
passed through between the lands at both extreme ends 
without removing the intermediate lands. Although the 
five intermediate lands were removed to provide space 
wide enough for passing more wiring lines, the routing 
lines cannot actually be passed through the space in so 
large a number due to the limitation of supplying the 
routing lines to the space. 

[0034] In practice, in the case where the routing lines 
are passed through space created by removing all in- 
termediate lands from an outer sequence of lands, in 
the condition that all lands in the immediately inner row 
exist, as shown in Fig. 2, what contributes to increasing 
the number of the routing lines which can be passed 
through the space are the routing lines arranged in the 



neighbourhoods of both extreme ends in the row of the 
lands. Referring to Fig. 2, two wiring lines are passed 
through the space between land A of the outer row and 
land B of the inner row, and only this space where the 

s two wiring lines are passed through is contributing to in- 
creasing the number of the routing lines, and land B of 
the inner sequence, and only this space where the two 
wiring tines are passed through is contributing to in- 
creasing the number of the routing lines. 

10 [0035] Thus, it is understood that even when the value 
"n" is so selected that the value "m" becomes as large 
as possible, the actually effective value of "m" is equal 
to k + 2; it is sufficient that the routing lines are arranged 
by determining a value B n° with which the number of the 

*5 routing lines is increased by two relative to the number 
of the routing lines which could exist without removing 
the lands. 

[0036] Also as described above, what most effectively 
contributes to increasing the number of the routing lines 

20 which can be actually arranged is space between land 
A of the outer sequence and land B of the inner se- 
quence in Fig. 2, which are situated in the direction of a 
diagonal line passing through the land at each of the 
ends of the outer row (land A) and the land at the second 

2S from the outermost land of the inner row (land B). In oth- 
er words, it can be said that, in selecting the lands be- 
tween which the routing lines are to be passed through 
for the increase in the number of routing lines, it is useful 
to select the lands of the outer and inner rows to be on 

30 a diagonal line. 

[0037] Figs. 3A to 3C illustrate cases where routing 
lines are arranged in an increased number when n = 4. 
Fig. 3A illustrates a case where routing lines from the 
inner area of the lattice of lands 10 are passed through 

35 between lands simply arranged as an inner transverse 
sequence, and Figs. 3B and 3C illustrate cases where 
routing lines from the inner area are selectively passed 
through between lands which are arranged along diag- 
onal lines. As described above, the conditions for ar- 

40 ranging the wiring lines 7 are determined depending up- 
on a land pitch, a land diameter, a line width, and a space 
between adjacent lines. Figs. 3A to 3C represent cases 
where the land pitch is 350 micrometers and the land 
diameter is 200 micrometers. In Figs. 3A and 3B, the 

45 line width and the line space are both 50 micrometers, 
and in Fig. 3C, the line width and the line space are both 
43 micrometers. 

[0038] In the case of Fig. 3A where the routing lines 
from the inner area of the lattice.of lands 10 are passed 
so through between adjacent lands 1 0 which are simply ar- 
ranged as a transverse sequence, only seven routing 
lines 7 are arranged. In the case of Fig. 3B where the 
routing lines from the inner area are selectively passed 
through between lands 10 which are arranged along di- 
ss agonal lines, eight lines can be arranged. Thus, passing 
the routing lines from the inner area preferentially 
through between lands 10 which are arranged along di- 
agonal lines is more efficient. In the case of Fig. 3C 
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where smaller line width and space than those in the 
case of Fig. 3B are used, nine lines can be arranged. 
[0039] Figs. 4A and 4B illustrate cases where routing 
lines are arranged in an increased number when n = 5. 
In these cases, land pitch, land diameter, line width, and 
line space are 350, 200, 50, and 50 micrometers, re- 
spectively. Fig. 4A shows a case where the routing lines 
from the inner area of the lattice of lands 10 are passed 
through between adjacent lands 10 which are simply ar- 
ranged as a transverse sequence. In this case, the 
number of routing lines arranged is increased by two, 
and a total of nine lines are routed. Fig. 4B shows a case 
where the routing lines from the inner area are passed 
through between lands 10 which are arranged along di- 
agonal lines. In this case, a total of eleven lines are rout- 
ed. 

[0040] Figs. 5 A to 5C illustrate cases where routing 
lines are arranged in an increased number when n = 6. 
In these cases, land pitch, land diameter, line width, and 
line space are 350, 200, 50, and 50 micrometers : re- 
spectively. In Fig. 5A, the routing lines from the inner 
area are passed through between adjacent lands 10 
which are simply arranged as a transverse sequence, 
and a total of eleven lines are routed. In Fig. 5B, there 
are two diagonal lines respectively intersecting the land 
indicated by 10a of the third row, and a total of thirteen 
lines are routed. In Fig. 5C, there are two diagonal lines 
each intersecting the common land indicated by 10b of 
the fourth row, and a total of fourteen lines are routed. 
[0041] Comparing Fig 5B with Fig. 5C, the lands are 
arranged in the diagonal directions more perfectly in Fig. 
50, i.e., the diagonal lines in Fig. 5C extend to deeper 
land 10b (the land of the fourth row) than the land 10a 
of the third row in Fig. 5B, and, accordingly, the number 
of routing lines in Fig. 5C can more effectively be in- 
creased. It turns out that (assuming that the lands are 
arranged in a regular square grid lattice) arranging the 
lands, between which the routing lines are to be passed, 
in diagonal directions as much as possible, in other 
words, locating the lands, between which the routing 
lines are to be passed, on the sides of an isosceles right 
angled triangle, to thereby increase the number of pairs 
of adjacent lands in the diagonal directions (four pairs 
in Fig. 5B and five pairs in Fig. 5C), is effective to in- 
crease the number of routing lines. 
[0042] Figs. 6 A and 6B illustrate cases where routing 
lines are arranged in an increased number when n = 7. 
In these cases, land pitch, land diameter, line width, and 
line space are 350, 200, 50, and 50 micrometers, re- 
spectively. In Fig. 6A, the routing lines from the inner 
area are passed through between adjacent lands 10 
which are simply arranged as a transverse sequence, 
and a total of thirteen lines are routed. In Fig. 6B, the 
routing lines from the inner area are passed through be- 
tween lands 1 0 which are arranged along diagonal lines, 
and a total of seventeen lines are routed. 
[0043] It will thus be understood that the routing lines 
from the inner area of the lattice of lands 10 can very 



efficiently be passed through between the lands 10 ar- 
ranged along diagonal lines, as in the cases illustrated 
in Figs. 5B, 5C, and 6B, for example. When "n" is an odd 
number, the lands can be diagonally arranged on the 
5 sides of a complete isosceles right angled triangle, as 
shown in Fig. 6B, whereas when "n" is an even number, 
a complete isosceles right angled triangle is not formed, 
as shown in Figs. 5B and 5C. In the latter case, the ar- 
rangement of lands approximating to an isosceles right 
io angled triangle having a vertex, at which the land indi- 
cated by 10b (Fig. 5C) is located and the two diagonal 
lines are intersected, will provide a maximum number of 
routing lines. 

[0044] As will be understood from the foregoing ex- 
amples described with reference to Figs. 3A to 6B, the 
number of routing lines can be increased in each of the 
laminated routing layers of a multilayer circuit board, by 
arranging the lands in a certain pattern in such a manner 
that a closed virtual line formed by consecutively linking 
the peripheral (outermost) lands of an arrangement of 
lands having a certain pattern, such as a normal lattice 
pattern, at least partially has concave sections, (that is, 
the shape formed by the closed virtual line has a section 
which protrudes in towards the inner area of the lattice 
of lands), to thereby reduce the number of laminated 
routing layers required for the multilayer circuit board. 
When the lines are routed from a region where a number 
of lands are arranged in a lattice pattern, it is particularly 
effective to route the lines from the inner area of the lat- 
tice of lands through between the lands arranged on the 
non-hypotenuse sides of a right angled isosceles trian- 
gle or on the sides of a triangle approximating thereto. 
[0045] In summary, to efficiently increase the routing 
lines in each of the laminated routing layers of a multi- 
layer circuit board when the lands are arranged in a lat- 
tice pattern, it is preferred that the lands are arranged 
in such a manner that a closed virtual line formed by 
consecutively linking the peripheral lands of the pat- 
terned land arrangement at least partially has concave 
sections, and the concave section is in the form of an 
isosceles right angled triangle which has, at its vertex, 
the land located at the deepest portion of the concave 
section (the black land in each of Figs. 3B, 3C, 4B, 5C 
and 6B) (or in the form approximating thereto). As de- 
scribed above, when "n" is an odd number, the lands 
can be diagonally arranged on the sides of a complete 
isosceles right angled triangle having, at its vertex op- 
posed to the hypotenuse (base), the land located at the 
deepest portion of the concave section . as shown in 
Figs. 4B and 6B, whereas when "n" is an even number, 
a complete isosceles right angled triangle is not formed. 
In the latter case, the concave section is in the form of 
pseudo- isosceles right angled triangle having, at its ver- 
tex opposed to the hypotenuse (base), the land located 
at the deepest portion of the concave section, and a cut- 
out at an intersection of its hypotenuse and one of the 
other sides (at the right corner in Figs. 3B and 3C, and 
at the left comer in Fig 5C) The pseudo-isosceles right 
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angled triangle may also be regarded as a quadrilateral. 
[0046] When such a complete or pseudo-isosceles 
right angled triangle arrangement is employed under a 
condition where a single routing line can be passed 
through the adjacent lands ot the lattice pattern, k + (n 
- 1) wiring fines can be routed out of the concave section 
involving the row ot "n" consecutive lands, where "k" is 
the number of routing lines which can be arranged be- 
tween the lands at the two extreme ends of the row when 
intermediate lands are eliminated, as earlier defined. 
This is because there are (n - 1) channels in the row of 
"n" lands, and an extra routing line can be passed 
through each of these channels when the complete or 
pseudo-isosceles right angled triangle arrangement is 
employed. 

[0047] In practice, the routing lines are arranged un- 
der a variety of conditions of land pitch, land diameter, 
line width, line space, number of the lands and the like, 
and how efficiently the wiring lines can be arranged var- 
ies case by case. It can be said, however, that arranging 
the peripheral lands, between which the routing lines 
from the inner region (the region surrounded by the out- 
ermost lands) ae passed through, along the sides of an 
isosceles right angled triangle is most efficient. 
[0048] When a routing line pattern is designed in prac- 
tice, the value of "n" is selected so as to satisfy at least 
the requirement m ^ k + 1, and the lands, between 
which the routing lines from the inner region are passed 
through, are then selected as described above. 
[0049] Fig 7 illustrates a routing line pattern designed 
by selecting the lands, between which the routing lines 
from the inner region are passed through, according to 
the technique as described above, under the condition 
of n = 7 and consecutive concave sections. 
[0050] For a multilayer circuit board, it is most effec- 
tive that a first routing layer on which a chip or device is 
directly mounted, as well as other wiring layers, is de- 
signed so that at least some of peripheral lands, be- 
tween which the wiring tines from the inner region are 
passed, are arranged on the two non-hypotenuse sides 
of an isosceles right angled triangle to provide a con- 
cave section. Fig. 8 illustrates a quarter part of a land 
pattern in a first routing layer of a multilayer circuit board, 
in which the lands 1 0 are arranged so that concave sec- 
tions 12 appear at at least parts of the periphery of the 
land pattern, in a certain cycle, the concave section 1 2 
being formed of the hatched lands located on non-hy- 
potenuse sides of an isosceles right angled triangle with 
a land (which is blackened in the drawing) at its vertex. 
[0051] In Fig. 8, there is no concave section at the por- 
tion near the corner of the land pattern (the lower left 
portion in the drawing). This is because, at the portion 
near the corner of the land pattern, lines are relatively 
easily routed from the inner region through between the 
outer lands and, accordingly, it is unnecessary to spe- 
cially provide a concave section. 

[0052] Also in Fig. 8, lands 1 0c (which are blackened 
in the drawing) for grounding or electrical power supply 



are provided in a center region of the land pattern, which 
can be connected to a common routing line. Conse- 
quently, lines, which are to be routed separately from 
each other, can be routed in the first routing layer of a 

s multilayer circuit board (the top routing layer on which a 
semiconductor chip is mounted) according to the tech- 
nique as described above, which enables the routing 
lines to be very efficiently arranged in a multilayer circuit 
board as a whole. 

w [0053] The routing lines may be arranged in as large 
a number as possible for every concave section, as 
shown in Fig. 7. Alternatively, the lines may be routed 
only from the limited lands, i.e., the peripheral lands 
forming the concave section and the lands located im- 

75 mediately inside the peripheral lands, as shown in Fig. 

9. In the latter case, routing layers of a multilayer circuit 
board subsequent to the routing layer (the first layer) 
having the above concave sections involving a limited 
number of lines can have exactly the same form of con- 

20 cave section as that of the first layer, i.e., the form ena- 
bling the lines to be efficiently routed from the inner re- 
gion of the land pattern. 

[0054] In Fig. 9, "n" is 7, an odd number. In the case 
of "n" of an even number, the routing lines may be ar- 
2S ranged as shown in Fig. 10, for example. In Figs. 9 and 

10, the land located at the deepest portion of the con- 
cave section (the vertex of the pseudo-isosceles right 
angled triangle) is also blackened. 

[0055] The foregoing description has been directed to 

30 the land arrangement of normal lattice pattern. Howev- 
er, the above idea for land arrangement can also be ap- 
plied to land arrangement of a staggered pattern. As 
shown in Fig. 11 A, a staggered arrangement can be re- 
garded as a lattice arrangement viewed from a diagonal 

35 direction. Accordingly, a routing line pattern can be de- 
signed by selecting the lands, between which routing 
lines from the inner region are to be passed, in such a 
manner that they are diagonally arranged based upon 
a land pitch (which is indicated by P in the drawing), a 

40 (and diameter, a line width, and a space between adja- 
cent lines as viewed from a diagonal direction. Fig. 11 B 
illustrates land and routing line patterns in a staggered 
land arrangement when n = 5, which can increase the 
number of routing lines. Thus, the invention can be ap- 

4 5 plied to either the land arrangement ot normal lattice 
type or the land arrangement of a staggered type. 
[0056] The following non-limiting example will further 
describe the invention. 

[0057] Figs. 12 to 17 respectively illustrate arrange- 
50 ments of lands and routing lines in first to sixth routing 
layers of a multilayer circuit board for mounting an elec- 
tronic part having 38 x 38 pins (electrodes) arranged in 
the form of a normal lattice. The lands and routing lines 
are designed under the following conditions. 

55 



Land pitch 


! 350 micrometers 


Land diameter 


I 120 micrometers 
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(continued) 



Line width 

Space between adjacent lines 



50 micrometers 
50 micrometers 



[0058] Under these conditions, a number of routing 
lines which can be passed through between adjacent 
lands, "a" is 1 . 

[0059] Assuming n = 5, then, 

k = a(n- 1) + (n-2) = 2n-3 = 7, 

m = [350 X (5 - 1) - 120 - 50]/(50 + 50) = 12.3. 

These satisfy the requirement m ^ k + 1 . Thus, this ex- 
ample illustrates a set of routing layers of a multilayer 
circuit board when n = 5. 

[0060] In each of the routing layers, lines are thus 
routed from the groups each consisting basically of five 
rows of lands. In this example, some of sets of adjacent 
concave sections of rectangular equilateral triangular 
have a common land at their ends. In practical design 
of land pattern, adjacent concave sections may have a 
common land at their ends, as in this example, or may 
respectively have a land located at their ends opposed 
to each other, as illustrated in Figs. 7 to 10. In other 
words, adjacent groups of lands may have a common 
row of lands at their ends, or may respectively have a 
row of lands at their ends adjacent to each other. 
[0061 ] Viewing the same group of lands for every rout- 
ing layer, the lines are routed, first, from the outer side 
of the land group and, then, gradually from the inner 
sides as the order of the routing layer advances. In this 
example, six routing layers are required for routing the 
lines from every land. However, the lands remain only 
in a small number on the final sixth routing layer (Fig. 
17), and the routing is substantially completed on the 
fifth layer. In contrast, when lines are routed for the same 
number of lands as in this example without using a con- 
cave section, a total of 8 wiring layers are required 
[0062] In an empty space on the sixth layer of this ex- 
ample (Fig. 17), lands which can be commonly used, 
such as grounding lands, may be arranged. 
[0063] As described, according to the invention, a first 
routing layer of a multilayer circuit board on which a chip 
is mounted can be used, the layer being provided with 
a land pattern having concave sections, preferably in a 
certain cycle, at at least parts of its periphery. The first 
layer provided with the land pattern having concave sec- 
tions allows routing lines to be efficiently arranged, re- 
sulting in the reduction in the number of routing layers 
required for a multilayer circuit board. 
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Claims 

1. A multilayer circuit board (5') for mounting thereon 
an electronic component (4) provided with elec- 
trodes (6) formed in a certain pattern, the multilayer 
circuit board (5') comprising a plurality of laminated 
routing layers (5a, 5b, 5c, 5d), each of the routing 
layers being provided with lands (10) and routing 
lines (7) on its surface, the lands being arranged to 
conform to the pattern of the electrodes of the elec- 
tronic component, and each routing line being con- 
nected at one end to a land, and being routed away 
from a region where the lands are arranged, 

characterised in that the lands on each of the 
routing layers are arranged to have a pattern in 
which a closed virtual line formed by consecutively 
linking the peripheral lands has a concave section. 

2. A multilayer circuit board (5') as claimed in claim 1 , 
wherein the concave section is in the form of an 
isosceles right angled triangle, and the peripheral 
lands are located along the sides of the triangle. 

3. A multilayer circuit board (5') as claimed in claim 1 , 
wherein the concave section is in the form of a pseu- 
do-isosceles right angled triangle having a vertex at 
which one of the peripheral lands is located, and a 
cutout at an intersection of its hypotenuse and one 
of the other sides. 
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(54) Multilayer circuit board layout 

(57) A multilayer circuit board (5 r ) comprising a plu- 
rality of laminated routing layers (5a, 5b, 5c ( 5d), which 
is used to mount thereon an electronic component (4), 
such as a semiconductor chip or device, provided with 
electrodes (6) formed in a certain pattern. Each of the 
routing layers are provided with lands (10) and routing 
lines (7) on their surface. The lands are arranged to con- 
form to the pattern of the electrodes (6) of the electronic 
component, and each routing line (7) is connected at 
one end to a land (10), and routed outward from a region 
where the lands (10) are arranged. The lands (10) on 
each of the routing layers (5a, 5b , 5c, 5d) are arranged 
to have a pattern in which a closed virtual line formed 
by consecutively linking the peripheral lands at least 
partially has a concave section. Preferably, the concave 
section is in the form of an isosceles right angled trian- 
gle, and the peripheral lands are located along the non- 
hypotenuse sides. Alternatively, the concave section 
may be in the form of a pseudo-isosceles right angled 
triangle having a vertex at which one of the peripheral 
lands is located, and a cutout at an intersection of its 
hypotenuse and one of the other sides. The multilayer 
circuit board (5') has a reduced number of routing layers 
relative to conventional multilayer circuit boards, and 
can be produced with an increased yield and high reli- 
ability. 
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